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Abstract 
CR-39 polymer was processed with ArF laser. Conical microstructures formed on laser-ablated CR-39. Scanning electron 
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and Energy-dispersive X-ray (EDX) spectroscopy were 
employed for examination of the morphology and chemical composition of irradiated surface and conical structure.  SEM 
observation show that cone shape walls are sharp tips together with interference and well defined fringe-structure around cone 
base. EDX analysis indicated that cone having different chemical structure compared to surface of CR-39 polymer.    
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction  
Treatment of polymer by UV-laser irradiation is a fast developing area of modern research in applied physic 
Lippert, and Dickinson (2003). The UV-laser irradiation in absorbing polymer was induced physical and/or chemical 
changes on the polymer surface. In particular, UV-laser ablated polymer that accompanied by a surface modification 
has been interested field in micro-electromechanical systems Holmes (2004) and micro opto-eletrome channel 
systems Pedder et al. (2007). 
The polymer used in this study is CR-39 polymer. Ablation of CR-39 of ArF laser irradiated CR-39 has been 
investigated. The microscopy observations of laser-ablated CR-39 polymer have shown that micro conical structures 
can be formed. Experimental and theoretical investigations of these micro conical structures and laser ablated 
polymer have been investigated Pedder et al. (2009). The study of change in FTIR spectra of polymer, EDX analysis 
of ArF-laser ablated CR-39 and cone structure formed on its surface was done. 
 
 
* Corresponding author. E-mail address: hafarideh@aut.ac.ir 
© 2015 Published by Elsevier B.V. This i  an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of 26ICNTS
156   B. Shakeri Jooybari et al. /  Physics Procedia  80 ( 2015 )  155 – 158 
2. Experimental procedure  
In the present work, CR-39 with a thickness of 700 μm (from Intercast Europe SpA via Natta 10/a 43100 Parma, 
Italy (curing time 32 h, thickness 0.7 to 1.5 μm) were employed. 
The CR-39 samples were irradiated at room temperature and air at various fluences and pulse numbers by a 
rectangular output beam (1.8×0.9 cm2) of ArF laser Model: Lambda Physics X100, wavelength 193 nm, pulse 
duration 15 ns. The surface was perpendicular to the direction of the laser beam. Surface features were imaged using 
a scanning electron microscopy (SEM) and optical microscopy. 
Fourier transform infrared spectroscopy (FTIR) and EDX measurements were recorded on a digital model MIR 
TGS spectrometer with the resolution of 4 cm-1 and within the scan range of 4000 – 650 cm-1. Static contact angles 
were measured using the sessile drop method with contact angle measurement equipment. 
3. Results and discussion 
The CR-39 samples were irradiated by a UV ArF laser with the wavelength of 193 nm and repetition rate of 1 Hz 
at various laser fluences and pulse numbers. In low fluences and/or pulse number, microscopy observation does not 
show any ablation and cone structure formation. By increasing the fluence, ablation and cone formation initiated.  
Ablation starts only after threshold fluence, FT, which is defined as the minimum fluence where the onset of ablation 
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where d(F) is the etch depth at a given fluence, F, and αeff  is  the effective absorption coefficient. 
Using SEM observation of ablated CR-39, image of surface sample indicated that formation of Sharpe wall 
conical structure and indentation and depression and a set of circular fringe at the base cone (see Fig. 1). Evidence 
suggests that these micro cones are initiated by: 
(1) A small particle due to contaminants (such as carbon atoms), deliberately added (in some cases Fe powder 
was applied to the surface to increase their areal number) or generated by the ablation processes itself 


















Fig. 1. SEM image of micro cone on ablated CR-39 polymer 
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In order to get more information about the chemical changes of irradiated sample and micro conical structure of 
ablated surface CR-39, FTIR and EDX analysis were performed.  
 
The FTIR spectra of the untreated and ArF laser irradiated CR-39 samples at 1, 100, 500 pulses with fluence of 
92.6 mJ/cm2 were shown in Fig. 2. It can be observed that all bands are significant affected by laser irradiation in 
their intensities in comparison with unirradiated sample. It is clear that in pulse number below ablation, absorption 
increase over the whole mid-IR region for the sample irradiated. And the pulses higher than ablation threshold, 







Fig. 2. FTIR spectra of irradiated and un-irradiated CR-39 with in various pulse numbers at  92.6mJ/cm2 
The relative change of atomic ratio of Carbone to oxygen,C/O, for ablated sample in micro cone region, the C/O 
ratio shows significant increase relative to their ablated surface (Table1.).   
     Table 1. Percent of the carbon and oxygen for ablated CR-39 
Irradiated sample Fluence 
(mJ/cm2) 
element Atomic % atomic ratio of Carbone to 
oxygen 
Surface of this ablated 
sample 
123.45 C K 65.18 1.9 
O K 34.35 
Cone structure of this 
sample 
123.45 C K 77.78 3.5 
O K 22.22 
 
4. Conclusion 
In this paper the ablation and conical structure formation on the ArF-laser Irradiated CR-39 were investigated. 
Evidence suggests that perturbations on surface of laser irradiated sample such as small particle on the surface of 
sample or radiation hardening on sample caused formation of micro cones on the laser ablated surface of samples. 
These perturbations lead to differential etching and it is consequent results in an increase in the slope of the local 
region of surface and so micro conical structure on ablated surface were formed. The ratio of Carbone to Oxygen 
composition of the ablated samples and conical structures formed on the laser ablated surface indicate that 
ratio of Carbone to Oxygen of conical structures is greater than ablated surface. 
 
158   B. Shakeri Jooybari et al. /  Physics Procedia  80 ( 2015 )  155 – 158 
References 
Lippert, T., & Dickinson, J. T. 2003. Chemical and spectroscopic aspects of polymer ablation: special features and novel directions. Chemical 
Reviews, 103(2), 453-486. 
Holmes A.S. 2004. “Excimer laser micromachining with half-tone masks for the fabrication of 3D microstructures” IEE Proc. on Science, 
Technology and Measurement 151, 85-92. 
Pedder, J. E. A., Holmes, A. S., Allott, R., & Boehlen, K. 2007. Pulsed laser ablation for volume micro-optical arrays on large area substrates. In 
Proceedings of SPIE, the International Society for Optical Engineering (pp. 64620W-1). Society of Photo-Optical Instrumentation Engineers. 
Pedder, J. E. A., Holmes, A. S., & Dyer, P. E. 2009. Improved model for the angular dependence of excimer laser ablation rates in polymer 
materials. Applied Physics Letters, 95(17), 174105. 
Srinivasan, R., & MayneǦBanton, V. 1982. SelfǦdeveloping photoetching of poly (ethylene terephthalate) films by farǦultraviolet excimer laser 
radiation. Applied Physics Letters, 41(6), 576-578. 
